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A new fibrinogenase (EC 3.4.21. 5) was isolated and purified from lhe venom of Chinese babu snake 
(Trimeresurus mucrosquamatus) by DEAE-SepbadexA-60, DEAE~Sepharose CL-6B, MoncQ CFPLC? cc- 
lumo chromatography. It showed a single protein basd both in sodium dodecyl sulfate (SDS? -polyacryiami- 
de gel electrophoresis and alkaline polyacrylamide eel eleciropboresis. The molecular weight was estimated to 
be 26000 by SDS-polyacrylamide gel electrophoresis. The isoelectric point was found to be pH 4.7. It 
was a glycoprotein containing 6.4 % carbohydrate with 0.3% neutral sugar, 1.2% sialic acid, 4.6% be- 
xosamine. It was composed of about 178 amino acid residues and rich in glycine and aspartic acid. The 
fibrinogenase of lbe venom of 7. mucrosguamatus TWVFg was heat stable but labile to acid. Its extinction 
coefficient (mg/ml) at 280nm was 1.558. Purified TMVFg had strong arginine esterase activity; the Km 
to benzoylarginine ethylester (BAEE) was 1.4% 10°3M. Tbe enzyme activity could be inbibited by pheny- 
Imethanesulfonyfluoride (PMSF); but was not affected by ethylenediamine tetraacetic acid (EDTA). TMVFg 
had fibrinogeaolytic activity: electrophoresis of fibrinogen degraded with TMVFg revealed the rapid 
disappearance of the a (alpha) and B (heta)-chains and the appearance of lower molecular weight irag- 
ments. TMVFg did not cause fibrinogen solution clotting, nor coagulating plasma and showed n:ilher hemorr- 
hagic activity nor proteolytic activity toward casein. TMVFg had activaling fibrinolytic activily. 


INTRODUCTION 


Snake venoms contain a variety of proteolytic enzymes, they are responsible for the hemorrhage, shock, 
of disorder of blood coagulation caused hy snakebite. Recently a number of proteolytic enzymes with spe- 
cific biological activities have been isolated from various snake venoms, such as hemorrhagic toxins 
(CIVELLO et al., 1993; NIKAI et al., 1985}, thromhin-like enzymes (OUYANG and YANG, 1874), 
fibriogne nases (NIKAI et al., 1988; OUYANG and TENG, 1976), kinin-releasing enzymes (SEKOGUCHI 
etal., 1986). It is essential to isolate more proteolytic enzymes from snake venoms and to study their 
structure-function relationship. Although there have been several proteclytic enzymes isolated from the venom 
of T .mucroquamatus (OUYANG et al., 1977; SUGIHARA ef al., 1986), the fibrinogenase that we have 


studied in this paper was different from those reported in literature. 


MATERIALS AND METHODS 


Lyophilized venom of the Chinese habu snake (Trimeresurus mucrosquamatus) was collected from Hunan 
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proviace. DEAE-SephadexA-50, DEAE-Sepharose CL-6B,SephadexG-25, SephadexG-75 were purchased 
from pharmacia Fine Chemicals (Uppsala, Sweden), MonoQ columu (FPLC) from Pharmacia Fine Che- 
micals (Uppsala, Sweden), Mol. wt protein standards, sialic acid and N-Acetyl-d-glucosamine, human fibri- 
nogen from Sigma Chemicel Co. (St. Louis, U. S. A.J, N-benzoyl-L-arginine ethyl ester (BAEE) and 
human thrombin from Snacebai irslilute of Biochemisiry, Academia Sinica(Shanghai, China}. Other che- 
micals used were analy:ical grade from comirercial sources. 
Gel electrophoresis 

The piae eleclrophoresis of lhe purified enzyme (100g) was carried out on polyacrylamide ge: 
(7.5%, (098) in Tris-glycine buffer, pH8.9 according to the procedure of PLUMMER (1978).The gel 
was stained with Coomassie hive R-250 (Sigma). 
Molecular weight determination 

The mol. wt of the purified enzyme was esiima:ed by SDS gel eleclrophoresis according to the lower 
mol. wt stacdard protein manufacivrer’s insiruetion. Protein standards used were; phosphorylase b(94900>, 
albumin 467000), actin (43000}, carbonic anhydrase (30000), TMV (tobacco mosaic virus) protein{ 17500). 
Isoelectric point determination 

The pl of the purified enzyme was eslimaied by using an isoelectric focusing column of LKB Instr- 
uments. The ampholyte concentration was 2% (w/v) and the pH ranged from 3.5 io 10. At the end of the 
experiment, the column was drained, ard 2.0-ml fractions were collected. Absorption at 280 nm was mon- 
itored by 2 speclrophotemeter. the pH of each 2.0-ml fraction was also measured. 
Carbohydrate analysis 

The neutral sogar content wes determined by the method of DUBOIS et al. (1956), The sialic acid 
and hexosamine conlents were decermired by vhe method of SPIRO (1966). 
Amino acid composition analysis 

Amino acid composition was determined wilh a LKB 4400 avtomatic amino acid analyzer. Samples were 
hydrolyzed with constant boiling HCl at 11017 for 24 hours. 
Fibrinogenolytic activity assay 

Fibrinogenclytic activity was measured by the modified method of OUYANG and TENG (1976). An 
equal part of 0.5% (w/v) kuman fibrinogen solution in 25mM Tris-HCl buffer, pH8.0 was mixed and 
incubated with the purified enzyme ai 37°C for various time intervals. 0. 5ml of the above incubation mixture 
was then withdrawn for assay of the clottahle fibrinogen.ln the meantime, 0.2ml of the incubation solution 
was pipetted into a small tes: tube to which ©. 2m! of solvent containing 8M urea, 2% sodium dodecyl 
sulfate and 2% mercapioeihenol was added. This soluion was incubated et boiling water for 3 min and then 
applied to the top of 1096 reduced dodecyl sulfate-polyacrylamide gel for electrophoresis. 
Fibrinolytic activity assay 

0.2ml of 0.5% (w/v) bumen fihrinogen in 25mM Tris-HCl buffer, pH8.0 was mixed with 9.1ml 
human thrombin in the same buffer (10U/mD to form fibrin clot. The clot was then placed in 0.9ml of 
the buffer containing 75 we fibrinogenase. The mixture was incubated at 37C for various time intervals 
and then centrifuged at 1000xg¢ for 10 min. The supernatant (0.5ml) was taken to determine the content 
of protein by Foiin-Ciocaiteu method, A protein standard curve was constructed by plotting a set of casein 
(0 to 5mg/in]) versus absorbance at 540nm. 
Esterase and proteolytic activity assays 

Arginine ester hydrolytic activity. Arginine ester hydrolase attivity was assayed using BAEE as a 
‘ubstrat: according to the method of TOOM ef al.¢1970). One unit of arginine esterase activity is defined 
^5 the amount of the enzyme necessary to hydrolyze 1.0 pmol of substrate per min. 

Caseinolytic activity. The method described by OUYANG and TENG (1976) was used. The absor- 
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bance was measured at S40nm. According io a standard tyrosine curve, the caseinolytic activity could be 
calculated. 
Examination of ihrombin-tike enzyme activity 

Blood was collected from rabbit hear. and was mixed wiih 3.8 % (w/v) scdium citrate (911, v/v). 
Citrated blood was immediztely centrifuged for 10 min ct i20xg ct room temperature to obiain the 
platelet-rich plasma. 0.:ml plztelet-rich plasma was mixed with ü.iml of the enzyme (5, 15, 30, 60g 
respectively) and incubated at 37 0.0.5564. (w/v) Fibrinogen solution was also usad to determine whether 
TMVFz could clot it. 
Hemorrhagic activity detection 

The method of OWNBY et al. (1978) was vsed. intracutaneously injecting dose: i.Sug enzyme/g 


body weight of mouss. Six hours later, ihe mice were sacrificed to measure the area of liem. orraagic spot. 


RESULTS 


Purification 

lon-exchange chromatography of the crude venom 1.5g of the crude venom was dissoived in SmJ, 
5OmM Tris-HCl buffer, pH 8.85 and kept at 40 over night, then cenlrifuged for 10 min at 100xg. 
The supernatant was applied Io a column (2.5% 100cm) of DEAE-SephadexA-59 epuilibrated previously 
with the same hvffer. After removal of the unabsorbed components, the column was eluted with g linear 
gradient of NaCl (0—0.35M) in a total volume of 2000ml buffer at a flow rate of 20ml/hr, 7ml/per 
tube. t4 peaks were obtained (Fig. 1a). Peaks 9-—14 displayed arginine esterase activity, among them 
peak 14 was strongest. It indicated that there mus: be several different types of arginine ester hydrolase in 
the venom of T. mucrosquamatus. 

lon-exchange chromatography of peak 14 The peak 14 was concentrated and dialyzed against 
25mM Tris-HCl buffer, pH8.0 for 8 hrs. and then applied to a column (1x 50cm) of DEAE-sepharose 
CL-6B equilibrated with the same buffer. The peak 14 was separated with a linear gradient of NaCl 
(0—0.15M) NaCl in a total volume of 1000m1 buffer at a flow rate of (2ml/hr, 4ml/per tube. BAEE 
hydrolase activity was found in peak (Fig. 1b). 

MonoQ column (FPLC, Mode! GP-250, Pharmacia) chromatography The peak 3 of ihe second purification 
step was concentrated and dialyzed against ion-free water for 24 hrs., then applied to a MonoQ 
column and eluted with a gradient of NaCl, A buffer, 25mM Tris-HCl, pH8.0; B buffer, 25mM 
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Fig. :. [Isolation scheme of fibrinogenase TMVFg 


Tris-HCI, pH8.0/1M NaCl at a flow rale of 0.8ml/min (Fig. te). The peak 2 of ihe third purification 
was the purified fibrinogenase. The Plate-electrophoretic pattern (Fig. 2) showed only one band. The 
purified enzyme showed neither proteolytic activity toward casein, nor hemorrhagic activity (Table 1). [t 
did not form a clot with fibrinogen solution nor coagulate plasma even under different enzyme dosawes and 
long incubation time (4 hours), which proved that TMVFz had no thrombin-like enzyme acliviiv. 


Table 1. Summary of purification of the fibrinogenase TMVFg from the 
venom of 7. mucrosquamotus 
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Arginine esterase Casein hydrolyzing Hemorrhagic 
activity activity activity 


(umol/min/ mg? (umol /min/mg) mm? 
pase, Sea ne a ——— HE 














Crude venom 


1500mg 5.0X0.5 29.5 15x 10 
DEAE-SephadexA-6a 
20—22mg 180.0425 9.03 20x 25 
DEAE-SepharoseCL-6B 232.5416 a 10x 10 
10—1Zmg 
FPLC(MonoQ? 
$—7mg 203.8 t 27 Q Q 


Means+S. E. of four determenations were presented 


Physico-chemical characterization 

The pI of the purified enzyme was determined to he 4.7. The mol. wt of the purified enzyme wes 
found to be 26000 by SDS gel electrophoresis. The enzyme was proved to be homogenous also by SDS 
gel electrophoresis. The enzyme wes a glycoprotein containing 0.3% neutral Sugar, 1.296 sialic acid and 
4.9% hexosamine, 

The amino acid composition of the fibrinogenase was shown in Table 2. The fibrinogenase possessed 
relatively high contents of aspartic acid and glycine residues. Comparing TMVFg with different arginine 
esterases ME-1, 2, 3 and 4 (SUGIHARA et al., i986), B-fibrinogenase (OUYANG et al., 1977) and 
a-fibrinogenase (OUYANG et al. + 1977) from the same T. mucrosquamatus venom, it was found that 
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TMVFg was different from all above enzymes. TMVFe was heat stable; 85% BAEE-hydrolase activity 


was retained after heating at 60° for 30 min. But ic was liable to acids only 30% BAEE-hydrolase 


activity was retained after lowering pH to 6.0. 


Table 2. Amino acid compositions of several proteinases from the venom of 
T. mucrosquamatus (residues/molecule) 
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& b i a 
B-fibrinogenase ME-1 ME-2 ME-3 ME -4 a-fibrinogenase TMVFzg 
Asp 26 28 32 31 29 280 CO 18 
Thr 12 12 L4 16 12 14 9 
Ser 13 id L7 21 21 14 12 
Glu 5 Ig 18 31 13 21 18 
Gly 24 25 28 26 30 - 29 17 
Ala 12 L3 15 18 14 9 14 
Val 16 19 23 20 15 16 12 
CM-Cys 9 13 13 E 12 6 8 
Met 3 3 2 6 3 6 4 
Ile 11 i4 "16 17 17 | 9 8 
Leu bg 22 22 27 20 17 15 
Tyr 8 8 g L3 g 6 6 
Phe 6 6 6 7 6 5 6 
Lys iL r3 15 15 12 15 12 
His 8 T 8 6 7 7 4 
Arg 7 10 10 12 13 6 7 
Pro LB L9 19 17 18 T 8 
Trp 14 4 4 3 4 8 = 
Total 229 249 271 300 263 203 178 





a; Ouyang et al (1977) , b, Sugihara et al. (1986) . 


Fibrinogenolytic activity 

As showed in SDS electrophoresis, reduced fibtinogen ciearly gave separated bands of Aa, Bf and y 
(gamma) chains (Fig. 3). However, after incubation with the purified enzyme Aa, BB bands disappeared. 
Degradation products with lower molecular weight could be found in the lower part of the electrophoretic gel 
in Fig. 3. Thus the cleavage sites of Aa and Bb chains by TMVFg should be different from those by 
thrombin. TMVFg did not form a fibrin clot, it degraded fibrinogen and decreased the content of clottable 
protein (Fig. 4). 

TMVFg did not dissolve fibrin-clot (plasminogen-free>, but could activate plasminogen to dissolve 
fibrin-clot, as shown in Fig. 5. 
Effecl of inhibitors on hydrolysis of BAEE 

Table 3 showed the effects of some inhibitors ou the arginie esterasne activity of TMVFg. It was 
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Fig. 3. Resulis of time-dependent degradation of 
human fibrinogen by TMVFzg, cs showed 


by SDS-polyacrylamide gel ciectrophoresis 


Fig. 2, Alkaline polyacrylemide gel electrophoresis 
of purified TMVFg(pH8.9) 
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Fig. 4. Fibrinogenolytic activity of TMVFzg 
TMVFg final concentrations were 25 
ug/ml (@—@), 125 yg” m (ee - 
BD . respectively. Means tS. E. of 
triplicate experiments were showed, 


TMVFg finel concentration was 83 pg/ml. 
Plasminogen-free control (O—-O). with 
TMVFg (O——0O) p; plasminogen-not free 
control (@ —— 0, with THVFg.& — e^. 


means tS. E. of triplicate experiments were 


showed. 
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Table 3. Effect of some enzyme inhibitors on hydrolysis of BAEE 














Preincubation time (min) 30 90 180 
inhibitor residual activily 
control 100 100 100 
periodic acid 89-9 68+ 7 32+ 4 
B-mercapto ethanol 94 8 354 4 22+ 3 
PMSF o 0 0 
EDTA $8 x 2 98-3 4 96 t 7 





Remained percentage of activity was showed by means +S. E. of triplicate determinations. The final 
concentrations, ethylenediamine tetraacetic acid (EDT AD, 2.5x 107 ?, phenylmethanesuifonylfluoride(PMSF?, 
2.5x10 5, B-mercapto ethanol, 1% (v/v); periodic acid, 2. bx 10^? 


shown that the arginine esterase activity of TMVFg was only markedly inhibited by PMSF. The Km of 
TMVEg to BAEE at pH8.5 was 1.4x 10^ °M. 


DISCUSSION 


Based on the results presented in this paper, the purified enzyme (TMVFg? can be considered as an Ac 
and BB type fibrinogenase. [t showed no proteolytic activity toward casein, no hemorrhagic activity. Many 
snake venom proteinases can hydrolyze fibrinogen, including hemorrhagic toxins (CIVELLO et al., 1983, 
NIKAI et al., 1985), fibrinogenases(NIKAI ef al., 1988, OUYANG and TENG, 1976, SAPRU et al., 
1983), arginine esterases (SUGIHARA et al., 1986). In general, proteinases which mainly degrade the 
a-chain of fibrinogen are sensitive to EDTA (metal proteinase} and capable of hydrolysing casein or 
dimethyicasein, but lacking arginine esterase activity. Their pl are within alkaline pH range, except 
hemorrhagic toxin Ha from T. mucrosquamatus venom (NIKAI ef al., 1985, it conid degraded the B-chain 
of fibrinogen, and was sensitive to EDTA}, the proteinases which mainly degrade the B-chain of fibrinogen 
or degrade both the a and f-chains of fibrinogen simultaneously are sensitive to serine proteinase inhibitors 
PMSF or DFP (Diisopropyifluorophosphate? and capable of hydrolysing arginine ester. Their pI are within 
acidic pH range.{t is most likely that our TMVF¢ belongs to the second type. 

The results indicated that the purified fibrinogenase <TMVFg) could activate plasminogen because it 
could not dissolve a plasminogen-free fibrin clot but dissolved a plasminogen-not free fibrin clot. SAPRU 
ef al. (1983) once reported that the A-fibrinogease from Crotelus atrox showed no proteolytic activity 
toward fibrin. 

TMYVFsg differs from B-fibrinogenase purified from the venom of T. mucrosquamatus (OUYANG ef al., 
1977), arginine esterase ME-1,2,3, 4 from the same venom (SUGIHARA ef at., 1986) in isoelectric point, 
amino acid composition and its sensitivity to acid (Table 4). Its lack of proteolytic activity toward casein 
is similar to arginine esterase ME-1, 2,3,4 but different from B-fibrinogenase (OUYANG et al., 1977). 

Apparently there are many types of proteolytic enzymes in snake venoms. More extensive research is 
required to isolate each of them and identify their chemical and biological properties in order to fully 
understand the function of these proteolytic enzymes in snake venom. 

Acknowledgement The authors wish to thank professor Wang in the same laboratory for the help in 
isolation technique. 
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Table 4. Summary of properties of several proteinases from the venom of T. mucrosquamatus 


rr nt 


2 b a 


B-fibrinogenase — TMVFg ME-1 ME-2 ME-3 ME-4 a-fibrinogenase 








Molecular weight 25000— 26000 26000 27000 29800 33000 28500 21500-23400 


Isoelectric point 5.7 4.7 5.95 6.62 6.93 5.31 8.1 
sugar % . 2 6.4 0.4 0.2 6.4 1.3 2 

E 0.1% /280nm 1.878 1.668 0.936 
Arginine esterase activity — + + + + + = 
Caseinolytic activity + - — - — - + 


à: Ouyang et al. (1977},Sugihara ef al. (1986). 
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act DEAE-SephadexA-50, DEAE-SepharoseCL-6B, MonoQ (FPLC) =H NU TERES, BR 
A- SEES, AREA MRE RR KA SDS-RASRRRR ER HSM HES. 
sp F 26000, SRA; CA TMB, AWR., KP PEWS, CMRI, SMM 
1.296, RMAC M STMECE Ree TMV Eg 187 XEM ULIS AUN SENS TENE, AHHMRA 
EEEk, TMVF AREA, UMCRGOGE,IE280nmAb GU AE MUE S EE, ENTERAR 
SEEO0.126/280nm = 1.558, SEHE M TMVFg FUNT SESROS MH. TEE LI ZE CBAEED 
Km wi.dx 103M, TMVF gh EEPRARRM (PMSF) mfi ZZ —NENZBODTA) x} t 
Rem, TMVFg TRCABEARRA, BEKMARB Ma, PH. XE EUILTMVFg RARE 
SRE, CH KELMBHREARERU REBAR, AMMA, AASEN, hte 
X*A8-A3EX em (OUYANG ef aj.,1977). ARF. 
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